Corn (&a mays L.) growth has been shown to be affected by planting date and amount of residue on the soil surface. The objective of this study was to determine if the adverse effects of cool soil temperatures on early seedling growth often associated with surface residues can be overcome by planting at later dates. Corn was planted at several planting dates (late April through early June) into soil that had residue applied at rates of 0, 33, 66, and 100% of that produced by the previous crop. In general, spring-applied residue rates had little effect on measured plant responses. Planting corn before or after the optimum date resulted in reduced leaf area index, leaf area duration, total dry matter production, and grain yield. Maximum yield was achieved by planting corn about 10 May (near Lincoln, NE), regardless of the amount of residue applied in the spring. Yield declined with earlier or later planting dates: yield declined more rapidly when planting was delayed than when planting was advanced. Results indicate that, with spring residue application, planting date recommendations can be made independent of residue conditions.
C ORN PRODUCTION using tillage systems that leave more plant residues on the soil surface to reduce runoff and control wind and water erosion has increased in recent years. The U.S. Food Security Act of 1985 and the Food, Agriculture, Conservation, and Trade Act of 1990 require producers to limit runoff and erosion to specified levels if they participate in government commodity programs. Maintaining increased amounts of surface residues has been a major mechanism for producers to comply with these regulations.
Production systems that maintain surface residues can affect soil temperature, soil water, and many other soil physical, chemical, and biological properties that may, in turn, influence grain production. Allmaras et al. (1964) , Willis et al. (1957) , and van Wijk et al. (1959) observed that corn planted into residue covered soil generally had delayed emergence and reduced early seedling growth compared with corn planted into soil with no residue cover. These effects have been attributed to the cooler, wetter soil associated with the presence of surface residues. In a dry environment, the season-long water conservation and temperature mediation attributes of surface residues resulted in increased grain yields (Wilhelm et al., 1986) . However, the negative impact of cool soil temperatures early in the season may limit the benefits from midseason water conservation. Delaying the planting date until soil conditions are nearer the optimum for early plant development and growth may be a management strategy useful in overcoming these problems (Herbek et al., 1986) .
Research conducted under uniform residue conditions has shown that corn planted earlier than normal for the region can produce yield equal to or greater than corn planted later than normal (Grogan et al., 1959; Helms et al., 1968; Pendleton and Egli, 1969) . More recent research (Nafziger, 1994) has shown accelerating decline in yield as planting date is advanced or delayed from the optimum. These conclusions were based on normal or optimum planting dates for a single tillage or residue management practice. Eckert (1984) and Irnholte and Carter (1987) found similar optimum planting dates for corn grown under conventional tillage (buried residues) and no-till (surface residue) systems in Wisconsin and Ohio, respectively. Conversely, Herbek et al. (1986) reported the optimum planting date for no-till (surface residue) to be 2 wk later than for conventional tillage (buried residue) in the poorly drained soils of Kentucky. Our objective was to determine the influence of planting date and spring residue application rate on growth, partitioning of dry matter, and yield of corn.
MATERIALS AND METHODS
The experiment was conducted in 1986 and 1987 at the University of Nebraska-Lincoln Agronomy Research Farm near Lincoln, NE, on a Crete-Butler silty clay loam (fine, montmorillonitic, mesic Pachic Argiustoll-Abruptic Argiaquoll) with 1 to 2% slope. Two sites (about 50 m apart) were selected for the study, one had been cropped to no-till corn for the previous 6 yr and the other to soybean [Glycine max (L.) Merr.] for the previous 3 yr with disk as the primary tillage. Rainfed corn was planted at four planting dates (Table 1 ) and in four residue application rates (0,33,66, and 100% wlw) . Each of the treatment combinations was assigned to an experimental unit 4.6 m wide (6 rows) by 12.2 m long. Experimental units were arranged in a randomized block design with four complete blocks, two blocks within each site. Rows 1 and 6 on each plot provided a border (two rows) to minimize the impact of adjacent treatments.
During 1986, plot preparation consisted of cutting residue from the previous crop and removing it by hand raking approximately 2 wk prior to each planting date. Plots were disked and corn residue was applied to the soil surface at rates of 0, 1100, 2200, and 3300 kg h a ' for all planting dates for the 0, 33, 66, and 100% treatments, respectively. During 1987, residue from the previous corn crop was cut and removed by hand about 2 wk prior to each planting date. Plots were disked and the collected corn residue applied at appropriate rates. Weight of residue applied within a planting date was based on the weight of residue produced the previous season on the 100% residue treatment. The 100% treatment received 2130, 2430, and 2020 kg h a ' residue for the first, second, and fourth planting dates, respectively, during 1987 (excessive rain prevented the third planting date in 1987, which thus was deleted from the analyses). The fraction of ground cover (measured by determining if residue was present on 300 random points within each plot) was 0.13, 0.39, 0.81, and 0.93 for the 0, 33, 66, and 100% residue rate treatments, respectively, in 1986 and 0.12, 0.39, 0.82, and 0.94 in 1987. B73 XMo17 corn was planted (with a Kinze' 7100-23 planter) at a 5-cm depth at a rate to obtain 45 000 plants ha-' at each planting date. Nitrogen was surface applied at 180 kg N ha-' in the form of NH4N03 prior to plant emergence. Weeds were controlled with preemergence application of alachlor Number of seedlings emerged, soil temperature (maximumminimum thermometers with the sensor placed in the seed row at a depth of 5 cm), and plant development stage (Ritchie et a] ., 1986) were assessed two to three times per week. At the V4, V8, and V16 stages (Table l) , a total of eight plants was collected from Rows 2 and 5 (four from each row) of each plot to measure aboveground dry matter production and leaf area index (LAI). Plants were separated into stalks, blades of leaves with visible collars, and ears (only at V16 stage). Leaf area index and leaf, stem, ear, and total dry matter were determined. Dry mass of blades of immature leaves (collars not visible) and leaf sheaths were included with stem mass. Leaf area duration (LAD), the integral of the LA1 vs. time curve, represents the total opportunity for the crop to assimilate C within a specified time interval (Watson, 1947) , and was calculated as (Hunt, 1978) 
where LA11 and LA12 are the leaf area index at Time 1 and 2 (TI and T2).
In early October, after corn in all treatments had reached physiological maturity (R6 stage), ears were hand harvested from (Table 1) .
all plants in the two middle rows (12.2 m long) of all plots and grain yield and yield components determined. Grain yield reported at 0.155 kg kg-' water content. Air temperature and precipitation were recorded hourly at a weather station located about 1 km northeast of the research site. Growing degree days were calculated from daily maximum and minimum air temperatures as where T,,, = daily maximum (if T , , , , > 30°C, then T , , , , = 30°C) and T,,,, = daily minimum (T,,,, < 10°C, then T,,, = 10°C).
Data analyses were performed with the SAS computer package (SAS Institute, 1982) . Each year, variances of data collected from the two sites were tested for homogeneity (Little and Hills, 1978) before data were combined for further evaluation. Analyses of variance and regression were used to evaluate treatment. Treatment sums of squares were partitioned into linear, quadratic, and cubic components to evaluate the nature of treatment responses. An alpha level of 0.05 was used in this report. Optimum dates of planting were calculated from quadratic functions fitted to response factor and time by least squares.
RESULTS AND DISCUSSION
Variances associated with data collected from the two sites were homogeneous and interactions between traits and sites were not significant. As a result data from the two sites could be combined for analysis. No planting date
x residue rate interactions were found for grain yield, yield components, dry matter production, or leaf area index; therefore, discussion will be restricted to main effects of planting date and residue rates. Maximum and minimum air temperature and precipitation at the site for the years 1986 and 1987 are shown in Fig. 1 . ? NS, not significant at the 0.05 probability level.
Grain Yields and Yield Components
When averaged over residue rates, grain yield showed a quadratic response to planting date (Table 2) . Predicted optimum planting date was 7 May in 1986, with a grain yield of 7.14 Mg ha-', and 10 May in 1987, with a yield of 6.71 Mg ha-' (Table 2) . When yield data from both years were combined, the predicted optimum planting date was 9 May. Kernels per ear and kernels per plant (Table 2) also showed quadratic responses to planting date during both seasons; however, kernel weight differed among planting dates in 1987 only. The date of planting that maximized these yield components ranged from 2 to 10 May, similar to that which maximized grain yield. Reduced levels of yield and yield components at the earlier planting dates may have been the result of lower soil temperatures, which slowed emergence, plant growth, and development. Cirilo and Andrade (1994) reported that early-planted corn had lower radiation use efficiency from emergence to silking compared with later-planted corn. Differences in radiation use efficiency among seedlings planted at different times may, in part, explain the reduced yield for corn planted before the optimum date.
Averaged across planting dates, residue rate did not affect yield or yield components ( Table 3) . These results differ from earlier findings at this location of increased yield with increased residue application (Wilhelm et al., 1986) . Differences between results of these studies may be due to timing of residue treatment application. In the present study, residue treatments were applied 2 wk prior to planting instead of the previous fall as in the earlier work. In the current study, soil and residue conditions were identical for all treatments from time of harvest the previous fall until about 2 wk prior to planting, while different residue amounts were present all winter in the earlier work, and thus may have had greater effect on soil temperature, snow trapping, evaporation, and soil water. Differences in procedures and results between these two studies emphasize how differences in residue management can influence crop productivity.
Plant Growth Leaf Area Index
As with grain yield, LA1 showed a quadratic response to date of planting (Table 4) , with maximum LA1 values produced by planting at the second date. The greater LA1 translated into greater LAD values as well (Table 4) . Leaf area duration, a parameter that integrates the size and longevity of the crop canopy, was shown by Wilhelm et al. (1987) to be critical in determining yield potential of the crop. Low soil temperatures (Fig. 2) may have caused re- duced LAI, and so also reduced LAD values for corn planted into soil with temperatures below the optimum for development. Residue rate (Table 5 ) generally had less impact on LA1 than date of planting (Table 4 ). Leaf area index increased with increased residue application rates at the 16-leaf stage in 1986, but showed a slight decrease with increased residue rates at the 8-leaf stage in 1987 (Table 5 ). Leaf area index did not differ among residue rate treatments at other sampling times.
Dry Matter Production
Total dry matter was greatest for corn planted on the second planting date during both growing seasons (Table 4) . Stem, leaf, and ear dry matter were also greatest for corn planted at that time in both years (Table 4 ). Residue application rate (Table 5 ) had small and varied effects on partitioning of dry matter to plant components and total dry matter production.
Growth of corn planted on the first date may have been reduced at the V4 stage due to three factors: (i) soil temperatures below the optimum (24-27°C; Walker, 1970) for emergence and early seedling growth, (ii) low leaf area duration, or (iii) lower radiation use efficiency (Cirilo and Andrade, 1994) . Corn planted on the first date took 0.65 d ( -4 GDD) and 1.78 d ( = 9 GDD) longer to reach 50% emergence than did corn planted on the second date in 1986 and 1987, respectively. Minimum and maximum soil temperatures were 9.3 and 20.0°C, respectively, for 1986 and 11.2 and 20.2"C, respectively, for 1987 for the corn planted at the first date (averaged across all residue treatments) for the period 1 to 15 May. The delay in emergence and lower soil temperatures (Fig. 2) reduced early plant growth and resulted in lower LA1 and LAD. The possible influence of radiation use efficiency in this study was not determined.
Amount of spring-applied residue did not influence op- Wilhelm et al. (1986) , who found increased yield with increased residue application rates under no-till. The short interval between residue application and planting (2 wk) in the current study may not have allowed soil temperature and water differences between residue rate treatments to become established. These results do indicate that rates of development and growth and yield are greatest when corn is planted near the optimum time, regardless of cover, when the residue is spring applied. The contrasting findings of this and the previous experiment emphasize the importance of season-long residue management and understanding the impact residue management has on other management decisions. In this study, changing planting date (Fig. 2) had a much greater impact on soil temperature experienced by the germinating seed and emerging seedling than changing the residue rate (Fig. 3) . Maximum temperature ranged about 5°C over the four residue rate treatments, while it ranged about 10°C among the planting dates.
Results of this study indicate grain yield and yield component values were greatest for corn planted near 9 May and decreased for either earlier or later planting. This result agrees with research by Johnson (1978) and Nafziger (1994) , in that an optimum date of planting exists and that planting before or after that optimum date results in yield reduction. However, comparing the optimum date reported here with those found in the previous studies indicates that the optimum date depends on location and the tillage and residue management practices used in the production system. The predicted optimum date in the current study (7-10 May) is 5 to 10 d later than those reported by Johnson (1978) and Nafziger (1994) . Herbek et al. (1968) reported that the optimum planting date with no-tillage (surface residues) was about 14 d later than with conventional tillage (buried residues). Nafziger (1994) also reported later predicted optimum dates of planting in the driest year of his study. Conditions of production in the current study (rainfed in eastern Nebraska) represent a dry environment for corn production.
